Abstract The objective of the study is to systematically evaluate the available evidence on the association between physical activity (i.e. occupational load and non-occupational physical activities) and low back pain (LBP). A systematic approach was used to explore the literature between 1999 and 2009. Studies were selected for inclusion following a comprehensive search of Medline, Embase and CINAHL. The methodological quality of each study was assessed. Studies were considered to be of 'high quality' if they met the cut-off criterion of 60% of the maximum available quality score. Thirty-six cohort or case-control studies were retrieved. Heavy workload and the accumulation of loads or frequency of lifts were moderate to strong risk factors for LBP. Strong associations were found for flexed, rotated and the awkward positions of the lumbar spine. Inconsistent results were found for leisure time physical activities, sports and physical exercise. Studies focusing on daily habitual physical activities (e.g. domestic activities and commuting) in association with LBP are lacking. In conclusion, the occurrence of LBP is related to the nature and intensity of the physical activities undertaken. However, physical activities can be subdivided into separate types and intensities and the ultimate physical load is the sum of all these activities. This makes it difficult to designate one particular activity as the cause of LBP.
Introduction
Low back pain (LBP) continues to be one of the most common and challenging problems in primary care. A large variation in community prevalence rates is observed, but methodological differences amongst studies and lack of methodological rigour have made it difficult to draw conclusions [1] . Substantial costs are associated with LBP including lost productivity and income from work, the expense of medical, rehabilitation and surgical interventions and the costs of disabling pain and limited daily function. The economic cost of back pain to society in the Netherlands has been estimated to be 1.7% of the gross national product [2] and 0.9% (€337 million) of the total cost of health care [3] .
Within the domain of low back pain, the dose-response gradients of physical activity are important research issues in controlling risks for low back pain. Studies focusing on the relation between back pain and physical activity (such as occupational, recreational and sports-related activities) have produced results that are compatible with a U-shaped model, addressing the detrimental effect of both sedentary behaviour and strenuous levels of physical activity [4] [5] [6] . Biomechanical loading seems to be the most important occupational factor predicting both recurrent low back pain citations were retrieved and examined. The computerised search was done by the first reviewer (HH) supported by librarian expertise from the University of Applied Sciences Utrecht. All identified citations were screened to identify relevant studies, first by title, secondly by abstract and thirdly by full text screening.
Studies were eligible if they met all of the following criteria:
• the design of the study had to be longitudinal (prospective or retrospective) with at least 3 months follow-up; • the study had to concern a community-based population or working population, free of back pain (no work absence and/or medical consult) during the 3 months before baseline assessment; • back pain complaints had to be characterised by signs and symptoms of non-specific back pain, self-reported or measured otherwise; • the exposure was restricted to physical activities in daily living, occupational workload, activities in leisure time and sports; • the outcome measure was low back pain, including such consequences of back pain as disability or restriction in participation or work absenteeism.
The references of all selected articles were screened for additional, potentially eligible citations.
Data extraction and analysis
We extracted the design of the study, population characteristics, number of participants (at baseline and followup), characteristics of the exposure and risk estimates including the adjustment for confounding variables.
Methodological quality assessment
The selected studies were scored by two reviewers (HH, MvR) independently, using a predefined set of criteria for the appraisal of cohort studies and case-control studies [18] . Non-applicable criteria, such as blinding procedures for exposure were deleted, resulting in seven items for the cohort analysis and five items for the case-control studies. The criteria concerned the description of the study population, the preclusion of selection bias, the description and measurement of exposure and outcome variable(s), the length of the follow-up assessment, a non-selective loss-to-follow-up analysis and the inclusion of confounding variables in the statistical analysis. Preceding the final screening, reviewers pilot tested the methodological quality assessment of two similar articles that were not included in this review.
All disagreements between the reviewers were subsequently discussed during a consensus meeting. If disagreements were not resolved during this meeting, a third reviewer (GA) was consulted for final judgment. Each study was assigned a total score, which was the sum of all positive ratings according to the methodological criteria. The reviewers considered studies to be of high quality if the methodological quality score was more than 60% of the maximum score. The findings of the studies were considered to be inconsistent if \75% of the available studies reported the same conclusion. This qualitative analysis was used to qualify the level of scientific evidence of explored exposures of physical activities as risk factors for back pain. This procedure led to the qualification of five levels of scientific evidence: (1) strong evidence provided by generally consistent findings in multiple high quality studies; (2) moderate evidence provided by one high quality study or by generally consistent findings in multiple low quality studies; (3) limited evidence in case of one low quality study; (4) conflicting evidence in case of inconsistent findings and (5) no evidence [19] .
Analysis
Exposures were grouped into occupational physical load, i.e. manual handling and posture, and non-occupational physical activities, i.e. leisure time activities, sports and physical exercise. Risk estimates were retrieved from the original article together with the variables that were adjusted for the statistical analysis. Findings were expressed as relative risks (RRs), odds ratios (ORs), prevalence rate ratios (PRs) or hazard rate ratios (HRs) and their 95% confidence intervals. If provided, findings were retrieved from multivariate analyses.
The strength of evidence for causality of a risk factor can be evaluated by summarising the available evidence about the consistency of the association across studies and the strength of the association. An association (e.g. RR, OR) of C2.0 or B0.5 was considered to be indicative of a strong association, as previously described in the study by van der Windt et al. [20] . Non-significant associations were excluded from further analyses.
The interobserver agreement (e.g. Kappa) of the quality assessment was calculated by the Kappa statistic, considering values between 0.61 and 0.80 as substantial and values beyond 0.80 as almost perfect [21] .
Results

Selection of studies
After the screening on titles and abstracts, 54 studies were considered eligible for full text screening. After this full text screening, 19 studies were excluded based on discordance with the inclusion criteria ( Fig. 1) . Two studies described the occupation without a precise description of the associated physical load exertions. Another two studies did not satisfy the topic of this review whilst three studies analysed the dose-response pattern between exposure to occupational whole body vibrations and LBP. We did not consider whole body vibration to be an expression of physical behaviour (which was the focus of our research) and therefore excluded it from this review. One study focused primarily on psychosocial factors and a total of 11 studies included persons with back pain \3 months before Fig. 1 Flow diagram of papers included and excluded by two reviewers during the selection procedure baseline or back pain at baseline. Finally, 36 publications fulfilled all selection criteria, including 30 cohort studies and six case-control studies.
Study characteristics
Twenty-five cohort studies and five case-control studies [47] [48] [49] [50] [51] explored the exposure within a working population. One study [52] explored non-occupational physical activity whilst five studies [53] [54] [55] [56] [57] explored both occupational as well as non-occupational physical activities.
The statistical analysis of these studies was done in samples with sizes varying between n = 174 [45] and n = 3,615 [28] for cohort studies and n = 137 [5o] and n = 240 [48] for case-control studies. With respect to the population-based studies, the analysis was done on sample sizes varying between n = 237 [53] and n = 25,271 [30] for cohort studies and n = 333 [49] and n = 791 [51] for the case-control studies.
The shortest follow-up period was 3 months [25] and the longest 28 years [24] . The percentage loss to follow-up varied between 11 [53] and 43% [31] in studies with a follow-up of B1 year [25, 28, 29, 31, 37, 38, 42, 46, 52, 53, 55, 56] , between 10 [54] and 60% [31] in studies with a follow-up [1 and B3 years [22, 23, 25, 28, 31, 34, 35, 39, 41, 49, 54, 55] and between 12 [45] and 28% [30, 44] in studies with a follow-up of more than 3 years. In studies with a follow-up of more than 15 years [24, 33, 43, 47] percentages loss to follow-up varied between 38 [47] and 84% [24] .
Low back pain was defined in 22 studies [24-29, 31, 32, 34, 40, 42, 44, 47, 56, 57] by describing pain and/or pain drawing. Ten studies [25-27, 32, 34, 36, 37, 39, 42, 56] used the standardised Nordic Questionnaire (or an adaptation thereof) [58] . The occurrence of new episodes of LBP was measured by the use of questionnaires [22, 24, 25, 27, 28, 31-34, 36, 38, 39, 42, 49, 53-56] , interviews [24, 41, 49] or reports by care providers [50] [51] [52] 57] . Sick leave was derived from questionnaires [25, 26, 28, 29, 33, 37, 38, 43, 45, 47] , company registers [23, 26, 35, 40] and social insurance administrations [30, 40, 48] .
Exposures varied between performances of manual handling (i.e. lifting, carrying, pushing and strenuous arm movements), posture (i.e. standing, awkward positions such as flexed-twisted-rotated), magnitudes of work and non-work-related physical loadings (light, moderate, heavy), sports and physical exercise. The measurement of the outcome (dependent) variable varied between the occurrence of new episodes of LBP [22-24, 27, 31, 32, 34, 36, 39, 41, 44, 46, 50, 52, 54, 57] , sick leave due to LBP [23, 26, 29, 30, 35, 40, 43, 48] or a combination of both [25, 28, 33, 36, 38, 42, 44-46, 49, 51, 53, 55] . Twentyeight studies applied (self-administered) questionnaires in the screening of exposures [22-24, 26-33, 36, 37, 39, 40, 42-45, 47-49, 52-57] . In 28% of the studies, authors gave information on the validation and/or reproducibility of the questionnaires [22, 28, 31, 32, 46, 47, 49, 53, 57] . Four studies used an interview [24, 41, 50, 51] and four studies [25, 34, 35, 38] used an observational method.
Associations have been most widely expressed by odds ratios or relative risks. Based on their design, three casecontrol studies [48, 51, 57] interpreted the odds ratio as an estimate of the incidence rate ratio [59, 60] . Tables 1 and 2 include all studies in hierarchical and alphabetic order according to their methodological quality. Initially, both reviewers did not agree in 21 (9%) of the 240 cases and a criterion had to be applied, resulting in a substantial initial agreement (Kappa value 0.76; SE 0.58; p = 0.000). Most disagreement was due to differences in the interpretation of the exclusion of selection bias and selective loss-to-follow-up. All disagreements were resolved during one consensus meeting. The sum of all positive ratings ranged from 4 to 7 (maximum score) for the cohort studies. All case-control studies received the maximum score of 5. Based on the cut-off criteria for quality of 60% of the maximum score, 35 studies were considered to be high quality studies. One study [55] did not fulfil the 60% criterion.
Methodological quality
Data extraction and analysis A summary of the included studies and the reproduction of their main findings are presented in Table 3 .
Associations between physical activity and LBP are presented by categories of exposure: occupational physical loading and non-occupational physical activities, i.e. leisure time activities, sports and physical exercise. Adjustments were made for age, gender, life style factors (e.g. smoking, alcohol, leisure time activities), psychological related work and environmental factors (e.g. job demands, superior support, control workplace), individual and healthrelated factors (e.g. education, body mass index, self-rated health, general health, fitness, fatigue) and the duration of the exposure.
Occupational physical loading
A total of 35 studies on exposure to occupational physical loading and the occurrence of LBP complaints were reviewed. Exposures were described in self-reported magnitudes of physical workload and loads specifically related to manual handling such as lifting, carrying and pushing, posture and specific occupational tasks related to back exertion. The dose-response relationship between physical load and LBP was explored by dimensions of physical exertion (sedentary, light, medium and heavy load), by energy expenditure as an overall proxy for the energetic work load, by multiples of the resting metabolic rate (MET) and by peak lumbar shear forces by biomechanically modelling spinal loading estimates. Work-related posture involved duration and degree of awkward positions, such as working in forward-bent positions, twistedbent positions and the ability to change posture regularly.
Heavy workload or physically demanding work
Eleven studies [25, 30, 32, 33, 42, 46, 49, 50, 54, 55, 57] exploring the intensities of physical workload reported a significant association of heavy workload or physically demanding work with LBP. Work-related risk factors were not just associated with the occurrence of LBP. A significant trend was observed for the level of physical load and sick leave due to LBP. One study [47] described the association of both heavy physical load and sedentary work with LBP amongst both genders, although both exposures Vingard et al. [57] CaseRef.
Populationbased cohort Cases: n = 695 Referents: had a slightly stronger association with LBP in women than in men. Four studies exploring different levels of physical workload [25, 30, 33, 57] reported increasing risk estimates for LBP, related to the accumulation of workload. The study by Vingård et al. [57] described the gender-specific risk of physical load measured as time-weighted average MET C 3 in women. One study [50] performed separate loading analyses for each job component using a biomechanical model generating spinal loading estimates. Peak lumbar shear forces proved to be a robust risk factor, as did cumulative lumbar disc compression. The magnitude of the risk estimates of physical load ranged between 1.61 (1.08-2.39) [33] and 4.1 (2.7-6.4) [30] . According to these results, there is strong evidence that heavy workload is a moderate to strong risk factor for LBP.
Loads specifically related to manual handling
Separate from the magnitude of occupational physical loading, 10 cohort studies [22-24, 26-28, 34, 35, 42, 54] and one case-control study [57] explored the doseresponse relationship between loads specifically related to manual handling, in particular lifting and carrying. Eight studies specifically focused on a working population [22, 23, 26, 28, 34, 35, 42] and three studies were population-based [24, 54, 57] . Lifting and carrying were explored in 10 studies [22-24, 27, 28, 34, 35, 42, 54, 56] whilst one study [26] focused on the association between strenuous arm movements in scaffolding and back pain. All studies reported positive associations with cumulative risk estimates associated with the accumulation of loads or frequency of lifts varying from 1.4 (1.0-2.1) [42] to 3.26 (1.52-6.98) [35] . The population-based studies by Bildt et al. [24] and Vingård et al. [57] reported significant risk estimates amongst men. According to the results, there is strong evidence that the accumulation of loads or frequency of lifts is moderately-to-strongly associated with LBP.
Posture of the lumbar spine
The dose-response relationship between posture of the lumbar spine and LBP is primarily explored by trunk flexion, twisted positions or awkward positions, expressed by duration, extent and percentage of working time. Ten studies, of which seven were based on a working population [35, 38, 42, [44] [45] [46] 56] and three population-based studies [24, 49, 56] [45] for the twisted-bent positions. A twofold increased risk was observed in case of the inability to change posture regularly [56] . According to these results, there is strong evidence that positioning of the lumbar spine in a flexed and/or rotated position is moderately to strongly associated with LBP.
Walking and standing
Only one study [22] explored the association between walking or standing in a general working population and found a moderate association between prolonged standing ([30 min) and LBP.
Specific occupational loads
Several studies analysed the association between LBP and the exposure to specific occupational tasks. The studies by Elders et al. [26, 27] explored the absence ratio and cumulative incidence and recurrence of LBP in workers in a scaffolding company and found high manual handling of materials, i.e. strenuous arm movements to be strongly associated with LBP (2.98: 1.57-5.66). Six studies [25, 28, 38, 45, 46, 48] explored the occupational physical loading of workers in nursing, related to twisted and bent work positions, the positioning of patients in bed and the transfer of patients per average shift. Associations with LBP complaints varied between moderate values (1.6: 1.14-2.3) [28] and strong values (6.2: 1.7-23.2) [45] . The exposure to vehicle driving was explored in both a working population [40] and a population-based cohort [57] . A higher amount of total driving hours was strongly associated with LBP in transit vehicle operators (2.17: 1.28-3.68) [40] and in women (2.8: 1.0-8.5) [57] . According to these results, there is strong evidence that the performance of occupational tasks, such as manual handling of materials, physical exertion in nursing and the exposure to vehicle driving are moderately to strongly associated with LBP.
Non-occupational physical activity Levels of physical activity and physical exertion of the spine were explored in leisure time activities [23, 46, 52, 54] and sports and physical exercise [30, 51, 52] . Specific types of exposure of physical activities in leisure time, such as regular home improvement activities [52] and high perceived load during leisure time (e.g. engaging in vigorous exercise) [47] , were moderately associated with an increased risk for LBP. Risk estimates ranged between 1.8 (1.2-2.6) [52] and 1.9 (1.1-3.3) [47] . Sports and physical exercise were explored in three studies. Both regular and high intensity sports [51, 52] by women and physical exercises in the upper percentile (91-100%) [30] were moderately associated with LBP. The magnitude of the risk estimates ranged from 1.3 (1.0-1.6) to 1.9 (1.4-2.4). According to these results, there is strong evidence that intense physical exertion during leisure time is moderately associated with LBP. In contrast to these positive associations, everyday physical activities in leisure time except exercise (e.g. cleaning) [23] and the performance of gardening/yard work [54] were found to be strongly (0.39: 0.20-0.76) to moderately (0.55: 0.38-0.80) associated with decreased risks for LBP.
Discussion
In this review, we explored the most recent literature (1999-2009) on the association between occupational physical loading, non-occupational physical activities, i.e. leisure time activities, sports and physical exercise and low back pain. Thirty-six studies met the inclusion criteria. We found strong evidence that heavy workload and the accumulation of loads or frequency of lifts result in a moderate to strong risk for LBP. Furthermore, a strong association was found for flexed, rotated and awkward positions. Inconsistent results were found for leisure time physical activities, sports and physical exercise. Results endorse the main conclusions of the review by Hoogendoorn et al. [15] . The outcome of studies published after 1999 did not change the view on the existing evidence.
Although a systematic approach was used with regard to physical activity, i.e. occupational load as well as nonoccupational activities, the majority of the retrieved studies focused on occupational workload. Only six studies [23, 28, 30, 47, 51, 52] explored the association between physical leisure time, i.e. physical exercises and LBP. No studies focused on the association between daily habitual physical activities (e.g. domestic work or commuting) and LBP, which is a significant deficiency within the domain of studying dose-response gradients of physical activity. We do not assume that the results were biased in a particular direction because of erroneous exclusion. One of the problems that may hamper the search of epidemiologic evidence is the phenomenon that studies not showing positive results are less likely to be published. Cross-sectional studies were excluded because the design of the study had to be longitudinal. The main argument for the exclusion of this type of study is that the entity of baseline and follow-up measurement-the only unarguable and therefore necessary criterion for causality-is not met in cross-sectional studies, in which exposure and outcome are assessed simultaneously.
Thirty-five studies were considered to be high quality studies. Quality assessment of studies included in systematic reviews is important and at the same time considered as a resource of scientifically controversial dispute [61] . Some authors have suggested that quality scores can be misleading because there is no objective way of quality assessment and different methods are likely to produce different scores that may lead to different results if these scores are used in the analysis [62] . In addition, it is difficult to determine how to weight each item in an overall quality score. However, other authors have suggested that using sum scores is helpful in a systematic review to make a distinction between studies with a low and a high risk of bias, and found empirical evidence supporting this [63] . We used quality scores in order to gain an insight into the risk of bias within the results but it should be a serious consideration to abandon the use of firm cut-off points.
Two issues in the review coincide. First, the operationalisation of low back pain, and secondly, the validity of the exposure measurement. Low back complaints are of a complex and multidimensional nature with time playing a critical role. However, different definitions of back pain may result in different estimates of prevalence and incidence and no single definition has been generally accepted in back pain research. The development of standardised definitions of back pain could provide standards that improve future comparisons of LBP prevalence figures by person, place and time characteristics and offer opportunities for statistical summaries [64] . Within the studies of this review, operationalisation of LBP and methods used to determine risk estimates varied widely. Back pain has been operationalised by self-reports, sick leave, registration by company records, social insurance administrations, reports of medical consultation and treatment. In most studies, self-administered questionnaires were used. A disadvantage of self-reporting is the influence of subjective determinants. For instance, people who are exposed are more likely to report back pain than people who are the nonexposed [65] . In 10 studies [25-27, 32, 34, 36, 37, 39, 42, 56] information on symptoms was collected with the standardised Nordic questionnaire (or adaptation thereof) for the analysis of musculoskeletal symptoms and this questionnaire has been considered an international standard [58, 66] . Owing to the recurrent nature of low back pain, it is far from easy to determine whether a given episode of low back pain is independent from a previous episode or not. Therefore, dispute remains about the length of followup because the follow-up needs to be long enough to record sufficient new cases of back pain. However, it would be of much more interest to assess whether people without preexisting low back pain are as likely as those having had low back pain to show occurrence (or reoccurrence) of low back pain within a certain time frame. The exposure to type and intensity of physical activities has been measured by various instruments. Ten studies used a validated questionnaire in physical activity assessment [22, 28, 31, 32, 36, 37, 47, 49, 53, 57] while four studies used video recording and measurements at the workplace [25, 34, 35, 38] and two studies used an interview [50, 51] . This variety in measurement techniques raises questions on the comparability of outcomes. An estimation of physical demands by self-reports has been criticised as being inaccurate, especially for the more complex load-bearing activities carried out by employees [67] . Otherwise, it has been shown that workload and occupational physical activity can be reliably assessed by questionnaires and that questionnaires can classify groups with heterogeneous occupational tasks [68] [69] [70] [71] [72] [73] [74] [75] [76] .
We searched for evidence on type and intensity of physical activity such as mechanical risk factors for LBP and found associations with a variety of physical loads. Although the load of whole body vibrations is considered to be associated with LBP [71] [72] [73] , we excluded this variable because we considered this exertion as an external mechanical force and not as a result of physical activity behaviour, which was the focus of our research. It is generally agreed that the aetiology of back pain is multifactorial [74] and that physical load only partially explains the prevalence of back pain [75] . There is robust evidence that psychological factors are related to future episodes of back pain and its related disability [76] [77] [78] . Three studies [29, 31, 53] demonstrated in a multidisciplinary approach that not mechanical factors alone but a combination of sociodemographic, work-related and psychosocial factors was important in predicting new onsets of LBP. These results emphasise that the back pain disabling process is complex and significantly influenced by mechanical and environmental as well as individual factors.
We retrieved six studies examining the effects of physical leisure time activities such as sports, daily activity walking, gardening and perceived load outside work. We found physical exercises in the upper percentile (91-100%) [30] associated with LBP. For women, the same finding was found for sports on a regular basis [52] and high intensity training [51] . In general, engaging in sport activities is not associated with back problems [6, 79] although specific sport activities may be detrimental to the spine [80] . After all, participating in regular sporting activities is considered an indicator of a healthy lifestyle. Other such indicators include; less smoking, participating in sporting activities on a regular basis and being more active during leisure time. This phenomenon is comparable to the so-called healthy worker effect, defined as a selfselection process that allows relatively healthy people to continue their participation in certain activities or jobs. An important aspect in all the studies on physical activity during leisure time and sports was that the operationalisation of physical activity in the studies differed and was, in general, not very specific. The positive association of physical exercises and sports with LBP might be interpreted as a result of the accumulation of the total of exercise and sports, as part of a continuum of activity levels with different consequences for LBP [6] . This accumulation might be especially true in healthy subjects. However, this phenomenon is an unavoidable source of bias that may intrude on studies focused on type and levels of physical activity.
Conclusion
According to the literature reviewed in this paper, there is strong evidence that heavy physical workload and the exposure to awkward positions are risk factors for back pain. Moderate to strong risk estimates exist for manual materials handling, defined as the sum of 'lift and carry burden' and 'push or pull', bending and twisting. These results correspond with the results in the review by Hoogendoorn et al. [15] . Inconsistent findings were found for leisure time physical activities, sports and physical exercise. With regard to the association between physical load and low back pain, studies are mainly focused on occupational physical activity. Large studies focusing on daily habitual physical activities in association with LBP are lacking. It is important to take both the complex aetiology and multi-dimensional structure of risk factors into account. It can be assumed that there is no bivariate, but multivariate association, so physical activity is one but not the only factor.
Perspectives
To establish the relative contribution of each risk factor and the role of potential confounding variables, studies should evaluate not only the multi-dimensional structure of risk factors, but also exposures in the past and during leisure time. One should be cautious when interpreting the risks of separate types and intensities of activity, because the ultimate physical load is the sum of all these activities. This makes it difficult to designate one particular activity as the cause of LBP.
